Ty P es of flowme T eRs
A number of flowmeters are appropriate for use in irrigation pipelines. They all measure the flow velocity of the water in a full pipeline. If the pipeline is not full, the meter reading will not be accurate. Combining the flow velocity with the pipe size provides the flow rate passing through the meter. Nearly all flowmeters record the total flow passing through them in gallons (gal), acre-inches (ac-in), acre-feet (ac-ft), cubic feet (ft 3 ), or some similar volume measurement. Some flowmeters also register the instantaneous flow rate in gallons per minute (gal/min), cubic feet per second (cfs), or other similar units of measure.
The flow rate of pumps is often determined through testing. Although these results may be good to have, the pump flow rate in the field may depend on groundwater level, location or number of open discharge valves, location and number of operating sprinklers, and location or duration of the microirrigation set. Due to these factors, it is better to determine the actual amount of water being applied by using a totalizing flowmeter, rather than by obtaining a flow rate from a pump test and then multiplying it by the operating time.
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Propeller flowmeters
The most commonly used flowmeters are propeller meters ( fig. 1 ). They should be installed in a section of pipeline that is straight and unobstructed for 8 to 10 times the pipe diameter upstream of the meter and 4 to 6 times the pipe diameter downstream. This minimizes turbulence caused by elbows, valves, and other fittings, which leads to inaccurate measurements. The pipe must be full to obtain accurate measurements. New propeller meters are accurate within 2 percent. Propeller meters present two potential difficulties: debris in the water may entangle the propeller and affect its operation, and a small amount of pressure is lost as water flows through the meter, 2 pounds per square inch (psi) or less if the meter is properly sized for the pipe diameter.
magnetic flowmeters
Magnetic flowmeters ( fig. 2 ) have the advantage of not creating an obstruction in the pipe. This feature eliminates the problem of possible entanglement from debris in the water as well as any pressure loss across the metering device. They should be installed in a section of pipeline that is straight and unobstructed for 3 to 5 times the pipe diameter upstream and downstream of the meter in order to minimize turbulence caused by elbows, valves, and other fittings, which leads to inaccurate measurements. Magnetic flowmeters require less maintenance than propeller meters and have long-term accuracy. They have the disadvantages of higher initial cost and the need for external power.
ultrasonic (doppler) flowmeters
Ultrasonic (Doppler) flowmeters ( fig. 3 ) measure flow velocity (and thus flow rate) by directing ultrasonic pulses diagonally across the pipe and measuring the reflected pulse frequency shift, which is proportional to flow velocity. Ultrasonic meters should be installed on a section of pipeline that is straight and unobstructed for 8 to 10 times the pipe diameter upstream of the meter and 4 to 6 times the pipe diameter downstream. This minimizes turbulence caused by elbows, valves, and other fittings, which leads to inaccurate measurements. The accuracy of ultrasonic flowmeters is comparable to that of propeller meters, and, since they have no moving parts, they require little maintenance. Because all attachments are external, these meters can be moved easily to different locations. Since the ultrasonic meters work by bouncing ultrasonic pulses off particles in water, irrigation waters without sufficient suspended particles may not be appropriate for these meters. High-quality well water may fall into this category, but many other well waters can still be measured using an ultrasonic meter. Ultrasonic flowmeters generally cost more than other types of meters and require external power.
Turbine flowmeters
Turbine flowmeters ( fig. 4. ) operate on the principle of a rotor assembly, turning at a rate proportional to the flow rate in the pipelines. The rotor is suspended near a magnetic pickup that records a pulse on its readout unit as each rotor blade passes. The accuracy of turbine flowmeters is comparable to that of propeller flowmeters (within 2%) under the correct flow conditions, and they require a section of pipe that is straight for 10 times the pipe diameter upstream of the meter and 6 times the pipe diameter downstream. Turbine flowmeters are more sensitive than propeller flowmeters to nonuniform flow conditions, such as exists downstream of an elbow or constriction. Some turbine flowmeters can be installed in a range of pipe diameters, which provides flexibility in their use. The applicability and cost are comparable to that of propeller meters. 
m ainT enance of flowme T eRs
Electromagnetic and Doppler flowmeters should need minimal maintenance, but propeller and turbine flowmeters require inspection, maintenance, and recalibration at a minimum of every 4 years.
using flowme T e R m easuRemenT s
The most accurate way to use a flowmeter is to obtain the totalized flow reading at the beginning and end of a recorded time period. If the total applied water is measured in gallons or cubic feet, the following formulas may be used to determine the inches of applied water.
If the total applied water is measured in gallons:
applied water (in) = total water applied (gal) ÷ [area irrigated (ac) 3 27,152] If the total applied water is measured in cubic feet: If an average flow rate, usually in gallons per minute (gpm) or cubic feet per second (cfs), is known, the following formula may be used. 
summa Ry
The amount of irrigation water applied should match the amount of soil water used by the crop since the last irrigation. Additional water is often applied during an irrigation set since no irrigation system in 100 percent efficient, but this additional water should be kept to a minimum. The goal is to minimize the runoff caused by applying too much water. 
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